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ABSTRACT 


Certain predictions which are crucial tests of Piaget's 
groupement theory were examined in two concept areas (time 
and speed). In particular, those predictions are that all 
groupements are acquired in synchrony in a given concept 
area and that the constituent operations of a given 
groupement are acquired in synchrony. Piaget's theory of 
the develcpment of time and speed concepts was also 
examined. Sixteen kindergarten children, 31 first graders, 
31 second graders, and 31 third graders were tested on tasks 
which assessed the presence or absence of two groupements 
and their constituent operations in the time and speed 
concept areas, and which also assessed the presence or 
absence of the time and speed concepts themselves. There 
were four principal findings, the first two of which are 
inconsistent with groupement theory and the last two of 
which are inconsistent with Piaget's theory of time and 
speed: (a) The groupements do not emerge in concurrence in a 
given concept area; (b) the constituent operations of a 
given groupement do not emerge in concurrence; (c) the molar 
concepts of time and speed are grasped before all of their 
component operations are acquired; (d) the operations of 
speed are acquired befcre the operations of time. On the 
basis of these findings, groupement theory is challenged as 


a model for middle-childhood thought and Piaget's analysis 
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of the development of speed and time concepts is challenged. 
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INTRODUCTION 


The purpose of the present study was to investigate 
certain aspects of Piaget's groupement theory (Brainerd, 
1972; Flavell, 1963; Pinard and Laurendeau, 1969) and of his 
theory of the development cf notions of time and speed! 
Piaget, 197 lazes 197th). Basically, groupements are the 
cognitive structures which are nodels for the thought of the 
concrete-operational, or middle-childhood, period of 
development, and as such they are manifested in all concept 
areas. The tc groupe rents which were studied are 
manifested in the time concept area as operations of 
temporal succession, or order, and operations of the 
colligation of durations, or temporal interval; in the speed 
concept area they are manifested as operations of spatial 
order and operations of the nesting of spatial intervals. 
For Piaget, 

“any representational act which is an 
integral part of an organized network of 
related acts is an operation (Fiavell, 1963, 
pe: 66pa" 
As is shown below, however, operations may be taken to refer 
to the set-theoretic operations of class union and 


intersection and the arithmetic operations of addition and 


multiplication. 


1. Speed, rather than velocity, will be discussed, since 
the latter is composed of both speed and a vector component 
which is of nc interest to the present study. 
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Piaget (1942, 1949) postulated that for any concept 
area all of the groupements and their constituent operations 
are acquired in synchrony. In the time concept area, then, 
it was postulated that the operations of temporal order and 
temporal interval are acquired in synchrony, and in the 
Speed concept area, that the operations of spatial order and 
Spatial 1 are acquired in synchrony. Also according 
to Piaget (1971a, 1971b), . or molar, time and 
speed (i-e., time and speed as they are understood by the 
child who is functioning fully at the concrete-operational 
level) are constituted through the coordination of all of 


the temporal and spatial operations. 


A groupement is a synthesis of the group and lattice 
structures of abstract algebra (Brainerd, 1972; Flavell, 
1963). Basically, a group is a set of elements combinable 
under a single operation and satisfying four specified 
postulates: Given a set G of elements, a, bh, S8. 
combinable under an undefined operation designated as "“#." 
G is called a group, with respect to k, if the fcllowing 
postulates are satisfied: 

1) Composition: For every a, b in E, Ah is 
also an elemert in G. 

2) <Associativity: For every a, b, g in E,. 
(a#b) #c=a# (b#c). 

3) Identity: There exists in G an element I 


(the identity element) such that for 
every a in E, a#ti=I#a=a. 


4) Reversibility: For every element a in G, 
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there exists an element à2 in 8 such 
that aa = HA =I. 

The lattice is a special case of a partially ordered 
system. Before this can be explicated, it must ke made 
clear what a relation is: a relation between two elements 
can be said to exist whenever a specified propositional 
function R of twe variables x, I is satisfied by these two 
elements. An example of a relation is "is greater than," 
and the expression xRy then means, "x is greater than y." 
Then, a set of elements S is said to be partially ordered 
with respect to a relation R if the following postulates 
hold on 88: 

1) Ris reflexive: For every x in S, x has 
the relation EB to itself, so that xRx is 
true. 

2) RE is antisymmetric: For every xX, I in S, 


the conjunction (xRy and yRx) implies 
3) nee transitive: For every x, X. 2 in S, 
the conjunction (xRy and yRz) implies 
EZ - 
All that remains before "lattice" can be defined is a few 
more preliminary definitions. . are elements 
(distinct or not) belonging to a partially ordered system 5S, 
and g is an element of S such that both gRx and ꝗ HT hold, 
then g is called a lower bound of x and y. If for any lower 
bound, g, of x and y, 4 d holds, then g is called a meet 
Of x “and? ey. If x, y are elements (distinct or not) 


belonging to a partially crdered system S, and h is an 


element of S such that both xRh and yRh, then h is called an 
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upper bound of x and y. If for any upper bound, h', of x 
and X., bhRh' holds, then h is called a join of x and y. A 
lattice is a partially ordered system 8 in which every pair 
of elements x, y has a meet and à Join. For example 
(Flavell, 1963, p. 172), if B is the class of mammals and 
it includes the class A of dogs, then A and B form a lattice 
in which R is the set-theoretic relation "subsumes (E 
subsumes A aS à subclass) .“ The smallest class which 
includes both A and B is B, in this example the join of 
elements A and B. A, in this example, is the meet of the 


two elements, the largest class which is contained in both 


classes. 


Piaget postulated four “class" groupements and four 
"relational" groupements (Brainerd, 1972; Flavell, 1963). 
The elements of the class groupements are classes and the 
composition operations are the set-theoretic operations of 
union and intersection, the reverse operations being the 
inverses of the compesiticn operations (Brainerd, 1972). 
The effect of combining the lattice properties (the partial 
ordering postulates) with the group postulates and 
specifying the abeve operations is to produce structures 
which can be applied only to classes which are 
hierarchically ordered. For example, the class of dogs is 
nested in the class of mammals in the sense that there are 
no dogs which are not alsc mammals. The class of chihuahuas 


is similarly nested in the class of dogs, as is the class of 
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mammals nested in the class of vertebrates. If the elements 
of a class groupement are the class of dogs and the class of 
those mammals which are nct dogs, then the union composition 
Operation is the representational union of these two classes 
to yield the class of all mammals. The inverse operation is 
the representational removal of the class of dogs from the 
class of mammals to leave the class of mammals which are not 


dogs. 


The elements of the relational groupements are 
relations and their composition operations are arithmetic 
addition and multiplication, the reverse operations being 
the reciprocals cf the composition operations (Brainerd, 
1972). The effect of combining the group postulates with 
the lattice and specifying the above operations is partially 
ordered systems which obey the group postulates as well as 
the lattice assumpticns. For example, if an element of a 
relational grcupement is the relation "<" and two operations 
performed on this element are (A<B) and (B<C), then the 
additive composition operation is the representational 
adding of (A<B) and (B<C) to yield (A<C). The result of the 
reciprocal operation is (SA) 

"For purposes of conducting empirical 
research on the groupement structures, we 
need consider only the ... composition and 
reversibility properties aes (the) 
remaining properties are logical 
consequences of the first two. According to 
Piaget, the (other) properties also are 


developmental consequents of the first two 
properties (Brainerd, 1972, p. 6)." 
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Piaget postulated that within each groupement the 
composition and reverse cperations emerge synchronously 
(Brainerd, 1972; Flavell, 1963). An operation is said to 
have emerged or been acquired as soon as its results are 
known by the cognizer without any actual physical 
Manipulation of its contents. Piaget also postulated that 
all of the groupements emerge synchronously in any content 
domain (Brainerd, 41972: Flavell, 1963; Pinard and 
Laurendeau, 1969). A groupement is said to have emerged or 
been acquired as socn as both its composition and 
reversibility operations function simultaneously. Thus, the 
class groupement mentioned above can be said to have emerged 
as soon as the cocnizer is able to unite Simultaneously two 
subordinate classes (dogs and mammals which are not dogs) to 
form a superordinate class (mammals) and to subtract one 
subordinate class from the superordinate class to yield the 
remaining subordinate class. Also, the relational 
groupement mentioned above can be said to have emerged as 
soon as the knewledge that (A<B) and (B<C) simultaneously 


implies both (A<C) and (CSA). 


Pinard and Laurendeau (1969), perhaps North America's 
most eloquent exponents of Piaget, have demonstrated the 
central role played by groupement theory by placing it in 
the perspective of five criteria they deem as essential to 
Piaget's stage theory in general. Hierarchization: a fixed 


order of succession existS among the various levels that 
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constitute a developmental sequence. Integration: "Asserts 
that the acquisitions of a given stage 82 should integrate 
those of the preceding stage S1, instead of Simply 
substituting for them or juxtaposing with them (p. 127) ." 


Consolidation: "A period must always involve at once an 


aspect of achievement of the recently acquired behavior and 
an aspect of preparation for the behavior of the fcllowing 
level (p. 4129) 2% Eguilibration is more difficult to 
Characterize briefly but is, essentially, the mechanism of 
transition from one ievel of development to the next. The 
criterion of concern to the present study is that of 
structuring. According to this criterion, "The typical 
actions or operations of a given level are not simply 
juxtapcsed one with another in an additive fashion, but are 
organically interconnected by ties of implication and 
reciprocal dependence that unite and group them into total 
structures--Piaget's structures dtensemble (p. 136) ." At 
the level of concrete operations the structure d'tensemble 
consists of the eight groupements interconnected, 


functionally interdependent, mutually implicative, etc. For 


Piaget, the very nature of the notion of structure 


dtensemble implies the synchronous acquisition of the 
groupements, the gradual growth of interaction among them as 
they develop in concurrence. Also implied is the 
synchronous emergence of the composition and reversibility 


operations, net only within each groupement, but for all 
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groupements at once. This point is illustrated by the 
following: 
“To affirm the psychological existence of an 
authentic operaticnal grouping bearing on a 
given content, this content must at the same 
time elicit not only the whole set of 
constituent operations of this grouping, but 
also the ensemble of parallel and connected 
groupings (P. 140)." 

The present study was concerned with one class 
groupement and one relaticnal groupement. Groupement I is 
that of the primary union of classes. The example above 
concerning classes of dcgs and mammals and the operations 
performed on them is an instance of this groupement. The 
relational groupement is groupement V, that of the addition 
of asymmetric relations. The example above ccncerning the 
relaticn den and the operations performed on it is an 


instance of groupement V. (For an account of the other 


groupements, see Flavell, 1963.) 


A distinction must be made between logical and 
infralogical operations. While they are analogous, there 
are some important differences. The former are applied to 
discrete, discontinuous objects which remain distinct and 
separate when combined into a whole; the latter are applied 
to wholes as single, continuous entities whose parts are not 
distinct when combined into wholes. The former are 
independent of the 98 and temporal proximity of the 


elements of their domain; the contents of the latter are 
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Spatiotemporally continuous it character. Basically, 
infralogical cperations are applied to the physical world of 
Spatiotemporal wholes and parts, displacements of positions, 
etc., while the logical operations are applied to the realms 
of classes, number, etc. These differences, however, are 
not considered te er the sfactththdtttinfiralogical 
groupe rents can be treated as being analogous to the logical 
groupements for most practical purposes (Flavell, 1963; 


Pinard and Laurendeau, 1969). 


It will be shown that the operations of temporal 
succession and cf spatial crdering are "grouped" to form 
structures which, in the infralogical world, correspond to 
groupement V. The operations of the coliligation 82 
durations and of the nesting of spatial intervals will 
likewise be shown to group into structures analogous to 
groupement I. A set of oferations is said to have "grouped" 
when the composition and reversibility operations are 


Simultaneously functioning. 


According to Piaget, ali children conceive of speed at 
first as simply 


n.... the intuiticn of overtaking: A travels 
faster than B (when beth move in relation to 
C simultaneously and in the same direction) 
if A, which was at first placed to the rear 
rt ~thes Game point, is finally 
placed ahead of it ... (thus) speed itself, 
as well as movement in general, is conceived 
at first in terms cf relations of placing 
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(T2721 ap epsa0as3) ot 
Accordingly Piaget began his study of speed with a study of 
"placements," which are the positions of objects relative to 
each other and to the observer. An example of an operation 
of placement is the internalized arranging of a set of 
objects in some order, such as "A is to the left of B" and 
CE) 2s to cethe~ lett. of Cx" The result of the additive 
composition of these two operations, itself an operation, is 
the knewlede that "A is to the left of S, and the result 
of the reciprocal operation is the knowledge that "C is to 
Che wight Lor A." These composition and reciprocal 
Operations, which Piaget postulated to be acquired in 
Synchrony (Piaget, 197 la), when functional simultaneously, 
are an instance of the grouping? of the addition of 
asymmetric relations, which is an embodiment of the 
properties of groupement V. Piaget stipulated another 
grouping of placements, that of the nesting of intervals: 


For example, the knowledge that the interval between A and 


t 


plus the interval between B and g together embody the 
interval between A and g, is the result of the composition 
operation; this operaticn, plus its inverse, the knowledge 
that the taking away of the interval between A and B leaves 
the interval between B and C, which Piaget also postulated 


to emerge in synchrony, is, functioning simultaneously, an 


ve "Grouping" is the English translation of the French 
“groupement," and the meanings of the two are taken to be 
identical herein. 
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infralogical instance of the class union groupement, which 


is groupement I. 


Operations of "displacement" are psychologically 
equivalent tc operaticns of placement, according to Piaget, 
with the same groupings of asymmetric relations and nesting 
of intervals. The principal difference between the two is 
that placements are relative to the observer, while 
displacements are relative to a fixed coordinate system. 
Two functions of fixed cocrdinates are making the intervals 
between objects symmetrical by defining their end points and 
making the position of an object relative to its own initial 
position. When the relations of order among objects are 
considered alcng with the relations of each object to its 
initial position, and along with the notion of the symmetric 
interval, then the idea of interval is endowed with the 
meaning of distance, and interval can be regarded as 
distance travelled, or as path traversed. Thus, the concept 
of distance, in terms of which the molar forms of time and 
speed are defined, is, for Piaget, constructed when the 
grouping of the nesting of intervals is accomplished in 
correspondence with the grouping of the asymmetric relations 


of order in a fixed framework. 


The operations of correlating two or more displacements 
in correspondence with one ancther are operations of co 


displacement." Concrete-operational speed is manifested at 
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the level of co-displacements: 


"A single displacement, and consequently a 
chain OF displacements in turn, is a 
movement having nce speed: whether A goes 
from A to 2 in one hour, one second, or at 
an unlimited speed, it is still the same 


displacement. There is thus no absolute 
speed in the sense of the speed of a 
movement in isolation ... on the other 


hand, if the successive positions of one 

moving object are ordered in relation to 

those of another object, the concept of 

speed necessarily intervenes, and this is in 

fact how it appears from the point of view 

of its psychological origins. For young 

children, speed is ‘overtaking,' that is, 

the reversal of the order of the respective 

positions of tuo moving objects in the 

course of a displacement (Piaget, 1971a, p. 

oo tlie? 
To illustrate, given a set of objects in a definite order 
A1B1C1D1 which are then displaced to B1C1A1D1, this is a 
displacement with no speed. Now, given objects in order 
A2B2C2D2 set in cne-tc-one correspondence with the original 
placements A1B1C1D1, this is a static set of placements 
which can be called a "state," state I. Then, given a state 
II with the placements B1C1A1D1 placed opposite B2C2D2A2, 
this is the same as saying that the displacement of Aft 
corresponds to a greater displacement of A2 relative to 
their respective initial positions. Al and A2 were once 
"even," and now the position of A2 is ordered ahead of the 
position of Al in the direction of movement. Thus, there 
has been an overtaking, a change in the relative pesitions 


of two objects with respect to some fixed coordinates (their 


respective initial positicns), and, hence, the idea cf speed 
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is introduced (A2 went faster than A1). 


When the child is capable of performing operations of 
co-displacement, then, he must also, according to Piaget, 
have a grasp of the nection of speed. The speed of one 
object may be reccgnized as being greater or less than that 
of another according to the degree of overtaking. In 
addition, distances covered by moving objects between two 
States can ke ccmpared, and every overtaking will be 
accompanied Ly an inequality in paths traversed (providing, 
of course, that the moving objects started simultaneously 
and from corresponding points--the simplest case); the 
greatest speed can then be recognized by the fact that a 
longer distance has been travelled in a given time (between 
two states). Also, when cperations of co-displacement are 
possible, a temporal order of succession is recognized in 
the sense that state II is after state I. This temporal 
order is seen to be distinct from spatial order, whereas the 
two kinds of order are confounded in the cases of placements 
and displacements: An cbject that is "ahead (behind)" of 
another in the spatial sense will also be “before (after)" 
it in the temporal sense in cases of placements and 
displacements, while in the case of co-displacements, with 
their distinct temporal states and several objects moving 
Simultaneously, this confounding does not occur. For 


example: 
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Mia if A went further than B (A and B 

being objects travelling in the same 

direction along parallel paths, having 

Started Simultaneously from corresponding 

points), but B was stiil moving after A had 

Stopped, (then) the temporal before! and 

after“ are no lenger identical with the 

Spatial (Piaget, 1971a, p. 286)." 
Finally, duration is recognized as the temporal interval 
between tuo states, between the limits of time elapsed, as 
Opposed to being confounded with the spatial interval 
between initial and stopping positions of an object 


undergoing a displacement. 


Thus it is seen that, according to Piaget, the notion 
of speed is 9 from observations of overtaking, the 
latter being possible cnly during co-displacements. Cor 
displacements are coordinations cf two or more displacements 
arranged Simultaneously, and displacements are 
psychologically equivalent to placements. The two groupings 
of placements (those of spatial interval and spatial crder), 
then, are the necessary basic components of Piaget's notion 


of speed at the concrete-cperational level. 


Since the notions cf speed and time are so mutually 
bound up, it is not surprising that the two aspects of time 
which were investigated in the present study have already 
been introduced in the discussion of speed. The composition 
and reciprocal operations. of temporal succession, which 
Piaget (1971b) postulated to emerge in synchrony, are, when 


functional simultaneously, an instance of the additive 
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grouping of asymmetric relations (groupement V). In its 
Simplest form, this is transitive inference and its 
reciprocal performed representationally on a sequence of 
nonsimultaneous events. For example, knowing simultaneously 
that, if state A occurs before state B and if state E occurs 
before state C, then state A cccurs before state C and state 
S occurs after state A, presupposes the acquisition of 


groupement V. 


Duration, or temporal interval, is the "amount" of time 
elapsed between two nonsimultaneous events. The grouping of 
the colligaticn of durations is analogous to the grouping of 
the nesting of spatial intervals, an embodiment of the 
properties of grcupement i. As temporal order becomes 
gradually dissociated from spatial order, so is duration 
gradualiy differentiated from the path traversed by a moving 


object. 


Piaget believes, as mentioned above, that the 
Operations of spatial order and spatial interval are grouped 
synchronously. The case is somewhat different for the 
temporal groupings: About half of the children tested by 
Piaget grouped the operaticns of duration first and derived 
the grouping cf the operations of temporal order from then 
(instantaneously, so it seems), and vice versa for the 


remainder of the children (Piaget, 1971b). Nevertheless, 


for the purposes of this study the two temporal groupings 
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can be regarded as emerging synchronously, that is, there is 
no general tendency for one grouping to be acquired before 
another. In addition, Fiaget postulated that the two 
Spatial groupings and the tc temporal groupings are 


acquired in synchrony. 


The "mature" concrete-operational, or molar, conception 
of speed is, for Piaget (1971a), qualitative: One moving 
object is known to have moved faster (or slower) than, or at 
the same speed as, another by the taking into account of the 
distances they travelied related to the time it took each 
object to dc so, provided that the disparity in their 
distances or times or both is sufficiently detectable; but 
at the level of concrete operations it cannot be known how 
much faster one object has travelled than another. If one 
object is travelling, or has stopped, ahead of the other, 
then operations cf both spatial order and spatial interval 
are involved. The case of time is analogous (Piaget, 
1971b): One moving object is known to have taken less (more) 
time than, or the same time as, another by the taking into 
account of the distances they travelled related to their 
speeds, again prcvided that the disparity in their distances 
or speeds or both is sufficiently detectable; it cannot be 
known how much more or less time one object has taken. If 
one object has taken longer than another, then operations of 
both temporal order and duration are involved. . 


the case, then, that speed=distance/time and 
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time=distanceyspeed, for these formulas are quantitative; 
rather, speed= (distance) X (-time) and time= (distance) X 
speed) are the more correct expressions, where the minus 
Signs are not to be taken as such, but rather as indications 
that time and speed, respectively, are inversely related to 
distance. These mclar ccncepts of time and speed were 
postulated to emerge in ccncurrence as soon as operations of 
co-displacements are grouped (Piaget, 1971la, 1971b). It is 
not until the child is capable of formal-operational thought 
and the use cf reiterable units for measurement that the 
concepts of time and speed can be said to take their 


Newtonian forms. 


Previous Research 


Theoretical. Pinard and Laurendeau (1969) have argued 
that the finding of asynchroncus emergence of groupements in 
a given concept area would amount to a disconfirmation of 
the hypothesis of structures d'ensemble, the hypothesis that 
the operations of a given level cf development are united 
into tightly interwoven total structures, and also 

% would seriously jeopardize Piaget's 

conception of stage because it would deny 

one cf its most essential characteristics, 

and because it would be difficult to 

reconcile with the very nature of groupings 

(pe ieae5) oe 
These authors further postulated that any observed 


asynchrony amcng groupe rents or operations applying to a 


single conceptual domain must result from nonconceptual 
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differences in the tasks used to study these structures, 
rather than from competence differences. For example, 
success in solving a transitive inference problem with a 
series of seven objects is sure to come later, due to 
information-processing, perceptual, etc., deficiencies, than 
success on the same problem with three objects, although the 
cognitive structure being assessed is the same in both 


instances. 


Brainerd (1972) took a similar stand concerning the 
possible finding of asynchronous emergence of groupements 
and operations. According to him, synchronous emergence is 
such a cruciai empirical prediction of groupement theory 
that the failure to find synchrony would seriously 
jeopardize its claim as a model for maiddle- childhood 


thought. 


According to Flavell and Wohlwill (1969), on the other 
hand, there is no logical reason to consider the groupements 
as so interdependent as to preclude their being treated as 
separate entities, each following its own developmental 
timetakle. They do not believe that such asynchrony would 
be seriously vitiating for Piaget's groupement theory, but 
that it might rather be instrumental in requiring a more 
precise specification of the entire concrete-operational 


period. 


Flavell (1970, 1971) further suggested that the 
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interdependence of the groupements may be due to their 
interacting after having emerged asynchronously, rather than 
being a logical reason for expecting synchronous emergence. 

He believes that the connections among groupements can be 
derived, psychologically as well as logically, from their 
properties once they have been acquired. Flavell argued 
analogously that there is nothing in Piaget's theory that 
logically requires the constituent operations within each 
groupement to emerge in synchrony. He posutlated two 
explanations for Piaget's (and others') consistent finding 
of groupement and operational concurrence: (a) if two 
cognitive items emerge in an invariant order, but not too 
separated in time, then their true developmental 
relationship is not likely to be discovered empirically 
unless the tests used to detect them are of equivalent 
sensitivity with regard to their respective items; in the 
vast majority of cases this condition has not been met. (A) 
In the case of Piaget in particular, any one subject 
normally has participated in only one experimental task; 
Piaget has usually taken the average age of the subjects who 
gave evidence of just having acquired, say, item A, and if 
this average age was the same as the average age of those 
subjects who showed evidence of just having acquired item B, 
then Piaget has concluded that items A and B must emerge 
synchronously. Flavell 8 tie pointed out that drawing 


conclusions about within-subject phenomena from between- 
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subject data is not logically sound. 


Empirical. Relatively few investigators have ccncerned 
themselves with Piagetian notions of time and speed. Lovell 
and Slater (1960) studied notions of simultaneity, the 
equality of synchronous durations, and temporal order as 
primitive components of Piaget's molar time concept. They 
used tasks virtually identical to those of Piaget (1971b) 
and obtained results not significantly different enough from 
Piaget's to be of any concern to the present study. Lovell, 
Kellett, and Moorhouse (1962) replicated much of Piaget's 
work on speed concepts (Piaget, 1971a), using identical or 
very Similar tasks; their results were generally supportive 
of those of Piaget. Weil (1969), using Piaget's time 
concept tasks, found the order of difficulty of the items 
Similar to that of Piaget's, with time, distance, and speed 
being confused before they become operational. Charlesworth 
(1962) studied the effect of rotaticn on a placement (linear 
order) task, comparing the performance of younger and older 
subjects. Delorme and Pinard (1970) used a modified version 
of a Piagetian speed concept task to study the development 
of notions cf relative speed, which is a formal-, not a 
concrete-operational problem. Rothenberg (1969b) used one 
Piagetian speed concept task to which she added increasingly 
complicated variations, . and found that the primary 
conceptual difficulty in the domain of distance is the 


taking irto account of repeated spatial units that occur 
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between the starting and stopping points of a total distance 
travelied. In sum, none cf the empirical research that has 
been concerned with time and speed in the Piagetian 
framework has focused cn time and speed concepts as 
manifestations of groupements, and those studies concerned 
with operations of time and speed have been either 
supportive of Piaget's theories or not concerned with 


testing then. 


A host of cther studies has been concerned with other 
aspects of time. Ames (1946), Bradley (1947), Friedman 
(1944a, 1944b), Hartigan (1971), Oakden and Sturt (1922), 
and Schechter, Symonds, and Bernstein (1955) studied the 
development of children's conceptions of such things as 
seasons, days of the week, hours and minutes, age, the past 
(sense of history), and the future {making plans), while 
Springer (1952) studied the development of the ability to 
tell time and use the clock. This literature was reviewed 


by Jahoda (19€3). 


Brainerd (1972) reported the results of a series of 
studies of Piaget's groupement theory in the domain of 
Simple quantification. He found that some of the 
groupements are acquired reliably earlier than others for 
ali subjects; specif ica 111, he found that all of the 
relational grcupements ae acguired earlier than any of the 


class groupements. Another finding was that, within each 
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class groupement, the inverse operation is acquired earlier 


than the compcsiticn operation. 


The present study was concerned with five tasks. There 
was one task for the assessment of the presence or absence 
of each of the groupings of temporal order (groupement V), 
temporal interval (groupement I), spatial order (groupement 
Y), and spatial interval (groupement I), which tested for 
the presence or absence of both their component operations. 
The fifth task was focused on the molar concepts of time and 


speed, testing fcr their presence or absence. 


In Piaget's own tasks, as well as in those used in most 
of the empirical research cited above, the usual case has 
been for subjects to be questioned about, say, temporal 
relations which are to be derived from the observation of 
objects moving or water levels rising at different rates; in 
Piagetian tasks assessing speed operations there usually has 
been a Similar ccnfounding cf speed with time. An effect of 
this kind of confcunding must be to increase the probability 
of finding concurrence among the operations of speed and 
time in question, even in the absence of any true 
concurrence. The first fcur tasks of the present study were 
conceived so as te rigcrously exclude the possibility of 
confounding the concepts see were to assess with any other 


concepts. In the case of the fifth task, it was necessary 
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to confound tittle and speed since they are defined in terms 


of each other at the molar level. 


The following hypotheses were tested: (a) The grouping 
of the operations of tempcral order and the grouping of the 
Operations of temporal interval are acquired in synchrony; 
(E) the grouping of the operations of spatiai order and the 
grouping of the operations of spatial interval are acquired 
in synchrony; (g) the tempcral groupings and the spatial 
groupings are acquired in synchrony; (d) the composition 
operation and the reverse cperation of each of the above 
groupings are acquired in synchrony; (S) the spatial 
operations are acquired pricr to the molar concept of speed; 
(FH) the temporal operations are acquired prior to the molar 
concept of time; and (gq) the molar concepts of time and 


speed are acquired in synchrony. 
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METHOD 


Subjects 

The subjects were drawn randomly from the first-grade-, 
second-grade-, and third-grade-class lists of the Edmonton 
Public School System, and from the kindergarten-class list 
of a private kindergarten in a middle-class neighborhood of 
Edmontcn.3 The kindergarten sample was composed of 16 
children (eight bcys and eight girls) whose mean age was 5 
years 6 months and whose age range was from 5 years 1 month 
to 6 years 0 months. The first-grade sample was composed of 
31 children (15 boys and 16 girls) whose mean age was 6 
years 7 months and whose age range was from 6 years 1 month 
to 7 years 3 months. The second-grade sample was composed 
of 31 children (15 boys and 16 girls) whose mean age was 7 
years 8 months and whose age range was from 7 years 1 month 
to 9 years 11 months. The third-grade sample was composed 
of 31 children (15 boys and 16 girls) whose mean age was 8 
years 9 months and whose age range was from 7 years 5 months 
to 9 years 11 months. A 25-year-old male served as the 


experimenter for all subjects. 


Materials 


a ae — — — 


The materials for assessing operations of temporal order 


— 


3. It was decided to use. kindergarten children for the 
molar time and speed task after a ceiling effect for first- 
grade subjects on this task was discovered. 
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were five petri dishes fainted red, yellow, blue, black, and 
green; a small glass pitcher one-third full with water; a 
piece of white matte board 29.5 cm by 31 cm with red, 
yellow, and blue paper circles 10 cm in diameter glued to it 
such that the three circles were equidistant from each 
other; a Similar piece of matte board with black, blue, and 
green circles qlued to it. The materials for assessing 
operations cf tempcral interval were four soup cans with the 
labels removed and painted yellow, blue, black, and green; a 
large plastic pitcher half full with water; a piece of black 
cardboard 45 cm by 22 cm cn which were glued two "clocks," 
that is, white cardboard circles without numbers, 15 cm in 
diameter and separated by 9 cm, each having one "hand" of 
black cardboard. The materials for assessing operations of 
spatial order were five tennis balls painted yellow, red, 
blue, green, and black; a wooden tunnel painted black and 
35.5 cm long, 12 cm wide, and 11.5 cm in height; the same 
pieces of matte board with colored circles as were used for 
the assessment of operations of temporal order. The 
materials for assessing operations of spatial interval were 
a piece of white matte board 81 cm by 28 cm on which was 
glued lengthwise a "road," that is, a piece of black 
cardboard 71 cm by 7.5 cm, with a yellow paper circle 9.5 cm 
in diameter glued next to one end of the road, a blue paper 
circle of the same size 94280 next to the road 39.5 cm from 


the yellow circle, and a brown circle of the same size glued 
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next to the other end of the road, 11.5 cm from the blue 
circle; a similar piece of matte board with a similar road, 
with red, green, and black circles 9.5 cm in diameter Spaced 
along the road as were the yellow, blue, and brown circles, 
respectively; a piece of white matte board 24 cm by 24 cm on 
Which were glued replicas of the yellow, blue, and brown 
circles spaced equidistant from each other; a similar piece 
of matte board with red, green, and black circles; a metal 
toy car 7 cm in length. The materials for assessing the 
concepts of time and speed were two wooden tunnels identical 
to that used for the assessment of operations of spatial 
crder; four tennis balls painted blue, red, black, and 
green, each skewered on the end of a 39 cm length of 


straight coat-hanger wire. 


Procedure 

All first-, second-, and third-grade subjects were 
tested on each of the five tasks detailed below. 
Kindergarten subjects were tested only on the time and speed 
concept task. Throughout the assessments the experimenter 
and the subject sat across from each other at one of two 
small, rectangular tables. The tasks assessing the 
operations of temporal order, temporal interval, and spatial 
order were carried out at one table, while the tasks 
assessing the operations of spatial interval and the 
concepts of time and speed were carried out at the second 


table. Thus, it was necessary for the experimenter and the 
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subject to change tables at least once in the course of the 
assessments, and up to four times, depending cn the 
presentation order of the tasks. Whenever it was necessary 
to change tables the subject was told, "Now we have to go to 
the other table (again)," or, "Now we have to go back to the 
first table again." Only the materials for the specific 
task being carried out were on a table at any one time, with 
the exception of the two pitchers, which were judged not to 
be of any "play value." The remainder of the materials were 
kept out of the subject's view on a chair or on the floor 


below the tables. 


Although the five assessment procedures are detailed 
below, it should be noted here that all of the tasks 
controlled fcr three scurces of measurement error: color 
blindness, children's tendency to agree with what an adult 
says more frequently than they disagree (cf. Rothenberg, 
1969a), and the fact that difference judgments and 
equivalence judgments generally are of differential 
difficulty (cf. Mehler and Bever, 1967). Color blindness 
was controlled by asking the subject to name the colors 
appropriate tc each task. In the case of the temporal 
order, spatial order, and spatial interval tasks, the 
subject was asked to name the colors of the circles glued to 
the appropriate pieces of matte board before the task was 
administered. In the case of the temporal interval task, 


the subject was asked tc name the colors of the cans as they 
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were placed on the table. In the case of the time and speed 
concept task, the subject was asked to name the colors of 
the tennis balls as they were placed on the table. If the 
task presentation order was such that the subject had 
previously named the cclors pertinent to a given task, he 
was not asked again. Two subjects failed to name all colors 
correctly and were replaced by two other randomly selected 
subjects. The false-agreement effect was controlled by 
structuring the experimenter's questions such that it vas 
necessary for a subject both to agree and to disagree with 
the experimenter's assertions to be judged as having 
acquired the operations in question. The differential 
difficuity of equivalence and difference judgments was 
controlled by using both questions for which the correct 
response was an equivalence judgment and questions fcr which 


the correct response was a difference judgment. 


When the subject had entered the experimenter's room 
and was seated across from him at the table at which the 
first task was to be perfcrmed he was asked his name, which 
was written on the question sheet. He was then asked, "Do 
you like Smarties (the Canadian equivalent of M&Ms)?" After 
an affirmative reply, the experimenter took two Smarties 
from a bowl which was at all times visible to the subject, 
saying, "OK. Here are some Smarties. You can eat them now 
if you want, or you can save them for later, whatever you 


want to do. Now, we're gcing to play some games in here, 
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and itil ask you some cuestions about them. If you watch 
what I do carefully and try hard to answer my questions, you 
can vin some more Smarties. OK?" fThen the first task was 


administered. 


operations of temporal order. a) The 
composition operation. After the color-discrimination 
pretest the subject was told, "We're going to play a game 
with some dishes, and then I'll ask you some questions. 

Now, watch carefully." The red petri dish was placed on the 
table before the subject and filled from the small pitcher 
while the subject was tcld, "I'm filling the red dish with 
water." The blue dish was then placed on top of the red 
dish and filled while the subject was told, "I filled the 
red dish before I filled the blue dish," with a heavy 
emphasis on the word “before." After a pause of several 
seconds to ensure that the subject got a good look at the 
dishes, the red dish was quickly removed from beneath the 
blue dish and placed out of the subject's view while the 
yellow dish was placed cn top of the blue dish. While the 
yellow dish was being filled the subject was told, "Now, I 
filled the blue dish before I filled the yellow dish." 

After another pause the two dishes were removed from the 
table and the matte bcard with the red, blue, and yeliow 
circles was immediately placed on the table in front of the 
subject, who was then told, "Here are pictures of the 


dishes." The following questions were then asked: 1) "Did I 
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fill the red dish before the yellow dish?" 2) "Did I fill 
the yellow dish and the red dish at the same time?" 3) "Was 
the red dish full before the yellow one?" 4) Were the red 
and yellow dishes filled at the same time?" 5) "Did I put 


water in the red dish before the yellow one?" 6) "Did I 
fill the yellow dish before the red dish?" FOP All 
questions, each time a dish was mentioned the circle of the 
appropriate cclor was indicated on the matte board to the 


subject. Then, after the matte board had been removed, 


regardless of the subject's performance, he was told, "Good. 


Here are (or, you win) some more Smarties." He vas given 
two Smarties. "Now we're going to do it again with some 
different dishes, and 1111 ask some more questions." hb) The 
reciprocal operation. The procedure was repeated with 


black, blue, and green dishes in that order, and the subject 
was told, "Now here are some more questions." 1) "Did I 
fill the green dish after the black dish?" 2) "Did I fill 
the black dish and the green dish at the same time?" 3) 
"Was the green dish filled after the black one?" 4) “Were 
the green and black dishes filled at the same time?" )5 
"Did I put water in the green dish after the black one?" 6) 


"Did I fill the black dish after the green one?" The 


subject was again rewarded. 


The composition operation. The subject was told, "Now we're 


going to play a game with some cans, and when we're finished 
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1111 ask you some questions.“ The blue and yellow cans were 
placed on the table in a line parallel to its long axis, and 
the piece of cardboard with the clocks was placed between 
the subject and the cans such that each can was directly 
above a clock. The hands cf the clocks were pointed to the 
12:00 positicn relative to the subject. After the color- 
discrimination pretest the subject was told, "These clocks 
will measure the filling time for the cans." The blue can 
was filled completely from the large plastic pitcher, after 
which the subject was told, "I filled the blue can and it 
took this much filling time." The hand of the Clock 
corresponding to the blue can was moved to the 30-second 
position. Then the yeliow can was filled about one-third 
full, after which the subject was told, "I filled the yellow 
can and it took this much filling time." The hand of the 
wet corresponding to the yellow can was moved to the 10- 
second position. After a pause the subject was told, "Now 
I'll ask some questions." For all questions, each time a 
can was mentioned it was pointed out to the subject. 1) 
"Did it take more time to fill both cans than to fill the 
blue can?" 2) “Did it take the same time to fill the blue 
can aS to fill both cans?" 3) "Did I take more time to fill 
both cans than the blue can?" 4) "Did I take the same time 
to fill the blue can as to fill both cans?" 5) "Did I take 
longer to fill both cans than the blue can?" G Did it 


take longer to fill the blue can than to fill both cans?" 
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The subject was then rewarded and told, "Now we're gcing to 
do it again with some different cans." The clock hands were 
then reset te their original positions and the water in the 
blue and yellcw cans was poured back into the pitcher. b) 


fhe inverse cperation. The procedure was repeated with 


green and black cans, the latter can being the one to be 
filled last and completely. "Now here are some more 
questions." 1) Tf I take away the time I filled the black 
can, will there be any filling time left?" 2) "Is the time 
it took to fill the black can the same as the time it took 
toertithe bothe cans?" 3) If the tine it took to fillcthe 
black can is gone, will there be any filling time left?" 4) 
"Is the time it tock to fill both cans the same as the time 
it took to fill the black can?" 5) "If I take away the time 
it tock to fill the black can, will there be any filling 
‘time left?" 6) "If I take away the time I filled the black 
can, will all the filling time be gone?" The subject was 


again rewarded. 


a) The 


composition cperation. After the color-discrimination 
pretest the subject was tcld, "Now we're going to play a 
game with some balls in a tunnel and when we're finished 
I'll ask you some questions." The tunnel was placed on the 
table in frent of the subject, aligned such that he could 


not see into either end. The yellow tennis ball vas placed 


at the entrance to the tunnel on the subject's left, with 
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the blue ball placed just to the left of, and contiguous to, 
the yellow ball. Then the subject was tod “Watch 
carefully. The yellow ball goes in ahead of the blue ball," 
as the experimenter used the blue ball to push slowly the 
yellow ball into the tunnel and cut of the subject's view. 

Then the red bail was placed to the left of, and contiguous 
to, the blue hall, which now rested just outside the mouth 
of the tunnel. The subject was told, "Now watch, the blue 
ball goes in ahead of the red ball," as both balls were 
slowly pushed into the tunnel and out of the subject's view. 
Then the matte board with the yellow, blue, and red circles 
was placed on the table while the subject was told, "Here 
are pictures of those balls, and now 1111 ask some 
questions." For all gquwuestions, each time a ball was 
‘mentioned the circle of the appropriate color was indicated 
to the subject. 1) "Is the yellow bail ahead of the red 
ball?" 2) “Is the red ball right up even with the yellow 
ball?" 3) "Did I put the yellow ball ahead of the red 
ball?" 4) “pid I put the yellow bali right up even with the 
red ball?" 5) "Was the yellow ball ahead of the red ball?" 

6) “Is the red ball ahead of the yellow ball?" The subject 
was then rewarded, and the balls in the tunnel were removed. 
The subject was told, “Now we're going to do it again with 
some different balls and 1111 ask you some more questions." 


b) The reciprocal op ration. The procedure was repeated 


a — —— 


with green, blue, and black balls in that order. The 


\ . vf 1 ö 5 
1 7 Ty * 
FF N on N 
* 2 N an | ay N 
= - O72) ae 
N > 


407 auen n%ο Bus yao. 1151 cade ce n Boonie 

Ab n bas e sn oat ood? . Likes. prea N 
„Led and sat to hoes of aο tise volley Ar wpe | < is 
ei? yiwole deny o7 ited epee ait besu eee odd) be 
en Agel dus adh 10 soc bee: Lsnang ait on Lied „ 
Ruch iar tan 1 1 adi oF ug AN ed oo writ a 
dtuce si% Sau aur dr neten nee , ited a 4d t ee 

— 

* ane enn len 2aw eee e 1 ot 20 f 

exev e ee se “\yllva een en YO ee 
why «! e As S 40 suo bas Tenge eda gat tedeug son a 


r 
i] 


* 
di OS) au 


K nn Des Lie nl \Woliay bit dsiv gen sroem aay r 
Aan“ „loft sem et das eff Sinn ien ads -26 n 26 Et. 
9 
Ss i ti"? on bas Y“atlisds eouad? Xo eon „ars 
50 5 
Au en „ gett, jose Gars ne e 
bergothot ase lee st sitgotass sdy nne oa Venga 


„sds 2a Rs fled wolley eds (ales - 2 oat, on 
„be odd ative re ao n ec S ne - emt (Ss *r 2 


bes ait to be Ale {fai wolter un 304 1 Brun ( Mrd 


73 t dove gE ere Lisi: woiiey aay tha £ HEG" (XY ers 
ls ben and te Seg As. trad wot asg aH be H ben 
rost un od? is eins aa? 40 S 14d den sit i" tis 
-bevous? Sapw an od ns eflsd. sit bute eben ned? Bey 
igi ateos 41 ob 6} sonics 846% wont „Das asm tostdue adn 
not Soop en on bot acs LET das . ns ds 1b 308 
bedesqo. 1 bs 0 ad A 18 Lasenaless 241 * 
rene ene ai else Wand bak che uss 4 


34 


questions were: 1) “Is the black ball behind the green 
ball?" 2) "Is the green ball right up gia with the black 
ball?" 3) “Did I put the black ball behind the green ball?" 
4) “Did I fut the black ball right up even with the green 
ball?" 5) "Was the black ball behind the green ball?" 6) 
"Is the green ball behind the black ball?" The subject was 


again rewarded. 


4. Assessment of operations of spatial interval. a) 


The composition operaticn. After the color-discrimination 
pretest the subject was tcld, "Now we're going to watch a 
car ona road, and I'il ask you some questions." The matte 
board with the road and the yellow, blue, and brown circles 
was placed on the table in front of the subject such that 
the road ran farallel to the long axis of the table and the 
circles were between the subject and the road, the yellow 
circle being cn the subject's left. The car was placed on 
the road next to the yellow circle and pushed slowly to the 
other end while the subject was told, "The car starts at the 
yellow circle. It goes dcwn the road and it comes tc a blue 
circle, then it keeps cn gcing and comes to a brown circle 
at the end." Then the road was quickly removed from the 
table and replaced by the matte board with the yellow, blue, 
and brown circles. The questions were: 1) "Does the car go 
more from the yellow circle to the brown circle than from 
the yellow to the blue?“ 2) "Does the car go the same 


amount from the yellow circle to the blue circle as to the 
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brown?" 3) “When the car gets to the blue circle, does it 
have to go more to get to the brown circle?" 4) "Does the 
car go the same amount from the yellow circle to the brown 
circle as te the blue circle?" 5) "Do I have to push the 
car more from the yellow circle to the brown circle than 
from the yellow to the blue?" 6) "Does the car have to go 
more from the yellcw circle to the blue circle than from the 
yellow to the brown?" For all guestions, each time a circle 
was mentioned it was indicated to the subject. The subject 
was rewarded and told, "Ncw we'll look at another road.“ b) 
The inverse operation. The procedure was repeated with the 
road with the red, green, and black circles. The questions 
were: 1) "If I take away the road from the red circle to the 
green circle, will there be any road left?" 2) "Is the 
amount of road from the red circle to the green circle the 
same as from the red te the black?“ 3) “If the road from 
the red circle to the green circle is gone, will there be 
any Pad eres" 4) "Is the amount of road from the red 
circle to the black circle the same as from the red to the 
green?" 5) "If the road is gone from the red circle to the 
green circle, will there be any road left?" 6) "If I take 


away the road from the red circle to the green circle, will 


ali the road be gone?" The subject was again rewarded. 


Time. The subject was tcld, "Now we're going to watch some 
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balis have a race through some tunnels."* The tunnels were 
placed side by side in front of the subject such that he 
could not see into either end. The subject was then told, 
"First we'll watch a race between these two balls (green and 
black). Can you tell me what colors they are? Good. Now, 
they'll start at this end (points Le tht subject's right) 
but they 11 finish down here (to the subject's left), so we 
have to watch here and see what happens." The green and 
black tennis balls skewered on the wires were slowly pushed, 
each through one tunnel, the black ball emerging noticeably 
before the green ball. When both balls had emerged from the 
tunnels, they were left piaced side by side at the tunnel 
exits, and the subject was questioned. For ail questions, 
each time a bali was mentioned it was pointed out to the 
subject. 1) "Did the green ball take longer than the black 
ba 117 2) “Did the black ball and the green fall take the 
same time?" 3) "Did the green bali take more time than the 
black ball?" 4) "Did the green ball and the black ball take 
the same time?" 5) "Was the green bali later than the black 
ball?" 6) "Did the black ball take longer than the green 
ball?" The subject was then rewarded and told, "Now we'll 
watch another race, this time between these two balls (red 


and blue). Can you tell ze what colors they are? Good. 


Watch and see what happens." b) Speed. The procedure was 


4. Tunnels were used to cover the paths of the bails so 
that the subject cculd not cbserve any overtaking. 
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repeated, with the red ball “winning the race." The 
questions were: 1) “Was the red ball faster than the blue 
ball?" 2) “Did the blue and red balls go the same speed?" 

3) "Did the red bali go faster than the blue ball?" 4) "Did 


the red and blue balls gc the same speed?" 5) "Was the red 


ball going faster than the blue ball?" 6) “Was the blue 


‘ball faster than the red ball?" The subject was rewarded. 


In order to control for order effects such as warm-up, 
the presentaticn order cf the five tasks was fully 
randomized across subjects. The presentation order of the 
two parts of each task was also fully randomized. In 
addition, the presentation order of the six questions within 
each subtask was randomized with the condition that 
questions for which the ccrrect answer was "Yes" and 
questions for which the ccrrect answer was "No" were 


alternated. 
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RESULTS 


All correct judgments were assigned "1s" and all 
incorrect judgments were assigned "0s." A 3 (Grade Level) X 
2 (Groupement) X 2 (Operation) X 2 (Concept Area) mixed 
analysis of variance was computed. The main effects that 
attained significance were: (a) the between-subjects grade 
level effect (F=16.68, df£=2/90, p<.0001), (b) the within- 
subjects effect for groupement (F=46.85, df=1/90, p<.0001), 
and (g) the within-subjects effect for concept area (F=9.64, 
gf=1790, p<.005) (see Table 1). Concerning a, orthogonal 
polynomiais eeiea beeen < revealed that all of the improvement 
associated with age was accounted for by the linear trend 
(F=253.92, df = 1/28, p<.0001). Concerning E, it can ke seen 
from Table 2 that groupement V tasks were less difficult 
than groupement I tasks. Concerning c, it also can be seen 
from Table 2 that speed concept tasks were less difficult 
than time concept tasks. In addition, the following first- 
order interactions . Significance: Grade Level X 
Concept Area (E25. 88, df=2/90, p<.025), Groupement X 
Operation (E70. 61, df=1/90, p<.0001), and Groupement X 
Concept Area (F=100.99, df=1/90, p<.0001) (see Table 1). 
Post hoc tests (Scheffe, 1953) revealed that the first 
interaction was due to.the fact that the third-grade 


subjects found the speed concept tasks less difficult than 
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TABLE 1 


ANALYSIS OF VARIANCE 


SOURCE DE ae MS F 

Subjects a2 9 82 
Between Subjects 2 100.55 9 16.67 π n * * 
e 90 271.27 3.01 

Groupement 1 103. 88 103.88 46 . 846A * * 
GToupenentXx Subjects 2 0.56 0.28 0.2726 
ETTOT 90 199.38 9 

Operation 1 2.60 2.60 1.960 
Ope Trat ion AS ub jects 2 3.40 1.70 1.280 
Error 90 119.50 1233 

Concept Area 1 14.54 14.54 9.6395** 
Concept AreaxXSubjects 2 11 12 8. 86 53875* 
ETTOT 90 135.74 P51 

GroupementxXOperation 1 420.37 T2029 72 70 614% *** 
GroupementXCperationx 
Subjects 2 8235 4.18 22439 
Error 90 154.18 171 

G To upe nent Concept Area 1 120. $7 120.97 100 .987**** 
GroupementXConcept 
AreaXSubjects 2 0.23 0.11 0.094 
ETTOT 90 107.81 1.20 

OperationxCcncept Area 1 3.36 36 2 0 
Oper at ien Ceneept 
A Ze a IS ub Jec ts 2 fect? Vag 0.480 
ETTOT 90 109. 9 per 

Groupement XOperaticnXx 

Concept Area 1 1.21 1.21 1.070 
GroupementxXOperationXx 
Concept AreaxSubjects 2 33 6. 26 ann 
ETTOT 90 101.77 1313 


Within Subjects 
TSQ/N=12536.1€ 


*p<.025 
**D<.01 
***D<.005 
*** PC. 000 


651 1340.00 
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TABLE 2 


MEANS FOR BETWEEN- AND WITHIN-SUBJECTS 
SOURCES OF VARIANCE 


Grade Level 1 8 63 
2 4. 16 
3 4.53 
Groupement at 3 
* 4. 48 
Operation C 4. 16 
R 4.05 
Concept Area 7 Bad 
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the first-grade subjects (p<.01), while this was not the 
case for the time concept tasks (see Figure 1). The second 
interaction resulted from the fact that in the case of 
groupement V the composition operation was less difficult 
than the reversibility operation (p<.01), while in the case 
of groupement I the reverse was true (p<.05); in addition, 
it was found that the composition operation of groupement v 
was less difficult than the composition operation of 
groupement I (p<.01), while there vas no Significant 
difference between the reversibility operations of the 
groupements (see Figure 2). The third interaction vas due 
to the fact that the groupement I speed concept task was 
less difficult than the time concept task (p<.01), while 
this was not the case for the groupement V tasks; in 
addition, the groupement V task in the time concept area was 
found to be less difficult than the groupement I task 
(p<.01), while this was not the case in the speed concept 
area (see Figure 3). A third-order Grade Level X Groupement 
X Operation X Concept Area interaction vas found to be 
significant (F=5.53, df=2/90, p<.01). It seems likely that 
this interaction was a result of the interaction of the 
Grade Level 1 Concept Area and Groupement I Operation 


interactions discussed abcve. 


Several within-subjects ordinal analyses were conducted 


to determine whether or not the parametric differences in 
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groupement, operation, and concept area task difficulty also 
may be construed as. invariant sequences. In addition, an 
ordinal analysis was computed for the molar time and speed 
concepts assessed ky the fifth task, and the data for the 
kindergarten subjects were included for this analysis only s 
Specifically, the ordinal analyses tested for invariant 
sequences (a) between the composition and reversibility 
Operations for each grcupement in each concept area; (b) 
between the two groupements in each concept area, (g) 
between the tuc concept areas; (d) between the molar 
concepts of time and speed assessed by the fifth task; and 
(S) between the time concepts assessed by the first and 
second tasks and the molar time concept assessed by the 
fifth task, and between the speed concepts assessed by the 
third and fourth tasks and the molar speed concept assessed 
by the fifth task. In order to conduct these analyses a 
pass-fail criterion was used to partition the subjects into 
those who had and those who had not acquired each of the 
operations or concepts in question: If the subject correctly 
answered five cr 3 of the six questions for à particular 
operation or concept, the operation or concept was said to 
have been acquired; otherwise it was said not to have been 
acquired. 5 both the composition and reversibility 
operations of a particular groupement were acquired, the 
5. A procedural error by the experimenter resulted in the 


discarding of the data of the molar time and speed concept 
task for one first-grade subject. 
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groupement was said to have been acquired; otherwise the 
groupement was said not tc have been acquired. af both 
groupement I and groupe ent V of a particular concept area 
were acquired, that concert area was said to have been 
acquired; otherwise the concept area was said not to have 
been acquired. The binomial test (Siegel, 1956) was used to 
test the significance of the various N which are 


shown in Tables 3-€. 


The probability values appearing at the bottoms of 
Tables 3-6 suggest that (a) in the case of groupement V the 
composition operation is acguired prior to the reciprocal 
Operation, and in the case of groupement I the inverse 
Operation is acquired prior to the composition operation, 
for both concept areas (see Table 3); (b) in the case of the 
time concept ares groupement V is acquired prior to 
groupement I, while no conclusion can immediately be drawn 
concerning these groupements in the speed concept area (see 
Table 4); (g) the tc groupements in the concept area of 
speed are in evidence before they are both seen in the 
concept area cf time (see Table 5); (d) the molar concept of 
speed is acquired prior tc the molar concept of time (also 
see Table 5); and (e) the molar concept of time is acquired 
prior to the acquisition cf all of the operations of time, 
and the molar concept of speed is acquired prior to the 
acquisition of all of the operations of speed (also see 


Table 5). Concerning Conclusion a, for groupement V in the 
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TABLE 3 


DEVELOPMENTAL RELATIONSHIPS BETWEEN THE COMPOSITION 
AND REVERSIBILITY OPERATIONS OF GROUPEMENTS I AND V 
IN THE CONCEPT AREAS OF TIME AND SPEED 
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TABLE 4 


DEVELOPMENTAL RELATIONSHIPS BETWEEN GROUPEMENTS I AND V IN 
THE CONCEPT AREAS OF TIME AND SPEED 
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TABLE 5 


DEVELOPMENTAL RELATIONSHIPS BETWEEN TIME AND SPEED 
AND MOLAR TIME AND 
SPEED 
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time concept area 36 subjects evidenced the acquisition of 
the composition operaticn in the absence of the reciprocal 
operation, while three subjects evidenced the reverse; in 
the speed concept area 28 subjects evidenced the acquisition 
of the con position Operation in the absence of the 
reciprocal operation of this groupement, while two subjects 
evidenced the reverse. For groupement I in the time concept 
area 26 subjects evidenced the acquisition of the inverse 
operation in the absence cf the composition operation, with 
four subjects evidencing the reverse; in the speed concept 
area 36 subjects evidenced the acquisition of the inverse 
operation in the absence of the composition operation, with 
four subjects evidencing the reverse. Concerning Conclusion 
b, in the tire ccncept area 37 subjects evidenced the 
acquisition cf groupement V in the absence of groupement I, 
with one subject evidencing the reverse; in the speed 
concept area 14 subjects evidenced the acquisition of 
groupement V in the absence of groupement I, with 15 
subjects evidencing the reverse. An additional finding in 
this concept area was that the inverse operaticn of 
groupement I is acquired prior to the reciprocal operation 
of groupement V, with 42 subjects evidencing the acquisition 
of the former in the absence of the latter, and seven 
subjects evidencing the reverse (see Table 6). Seven 
reversals out of a population of 49, however, may be too 


large a proportion to warrant the conclusion that an 
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TABLE 6 


DEVELOPMENTAL RELATIONSHIP BETWEEN THE RECIPROCAL OPERATION 
OF GROUPEMENT V AND THE INVERSE OPERATION OF GROUPEMENT 
I IN THE SPEED CONCEPT AREA 
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invariant sequence exists here. Thus, it seems reasonable 
to conclude that, overall, groupement V is acquired prior to 
groupement is Concerning Conclusion c, 15 subjects 
evidenced the acquisition of both groupements in the speed 
concept area in the absence of their acquisition in the time 
concept area, with no subjects evidencing the reverse. 

Concerning Conclusion d, 21 subjects evidenced the 
acquisition of the molar speed concept in the aksence of the 
molar time concept, with cne subject evidencing the reverse. 
Concerning Conclusion S. 76 subjects evidenced the 
acquisition of the molar time concept in the absence of all 
of the time operations, with no subjects evidencing the 
reverse; 72 subjects evidenced the acquisition of the molar 
speed concept in the absence cf all of the speed operations, 


with no subjects evidencing the reverse. 
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DISCUSSION 


Groupement Theory 

The principal findings with regard to groupement theory 
are that groupements I and V are not acquired in concurrence 
in the time concept area and that the composition and 
reversibility operations cf these groupements are not 
acquired in concurrence in either concept area. Concerning 
the first finding, while it was shown that groupement V is 
acquired prior to groupement I in the time concept area, no 
asynchrony was found in the speed concept area. There are 
at least three possible explanations for this finding: (a) 
These groupements really are acquired in synchrony, but for 
some reason they were observed to emerge sequentially in the 
time concept area; (b) these groupements are acquired in a 
random order, that is, about half of all children 
approaching the concrete-operational level acquire 
groupement I prior to groupement V and the remainder acquire 
them in the reverse order, but for some reason a sequence 
was observed in the time concept area; (c) groupement V is 
acquired earlier than groupement I, but for some reason the 
sequence was cbscured in the speed concept area. Concerning 
the first explanation, it is possible that the discrepant 
results were due to the temporal interval task being, in 
some noncognitive aspect (s) (perceptual, intuitive, 


abstract, informaticn- processing, etc.), more difficult in 
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the context cf the temporal crder task than was the Spatial 
interval task in the context of the spatial order task, in 
Spite of the fact that the two groupements are acquired in 
Synchrony. Concerning explanation b, it is possible that 
the discrepant results were due to the temporal interval 
task being more difficult, in some noncognitive dimension, 
in the context of the temporal order task than the spatial 
interval task was in the context of the spatial order task, 
in spite of the fact that the two groupements are really 
acquired in a randcm order. Given the actual data, that in 
the speed concept area 15 subjects evidenced the acquisition 
of groupement I in the absence of groupement V, while 14 
subjects evidenced the reverse, and that in the time concept 
area the ratio was 37 to one in favor of groupement J being 
acquired first, it is difficult if not impossible to favor 


the first explanation over the second or vice versa. 


However, both of the akove explanations may be faulted on 
two grcounds. First, of the 37 subjects who evidenced the 
acquisition of groupement / in the absence of groupement I 
in the time ccncept area, seven were first-grade students, 
14 were second-grade students, and 16 were third-grade 
students; the significance of this distribution is that it 
is extremely unlikely that such noncognitive factors as were 
suggested above would result in a three-year, or longer, lag 
between the demonstrated presence of two cognitive 


structures which truly emerge in synchrony or in a tfcandom 
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order. The second reason is that, in addition to holding 
across a three-year span, the sequence found in the time 
concept area is just too big to be dismissed by an appeal to 
secondary factors. Concerning explanation c, it is recalled 
that the primary materials used for the assessment of the 
Operations of spatial interval consisted of "roads" with all 
of the colored circles about which the subjects were 
questioned visible simultaneously and in order. Due to the 
Simple and perceptually undemanding layout of these 
Materials, it is likely that concrete operations, that is, 
the cognitive structure which is groupement I, were not 
required by several of the subjects for the solution of this 
task; rather, preoperational intuition, the simple 
internalizaticn of percepts in the form of representational 
images, may have been sufficient. It is accepted that the 
third explanation is the ucst reasonable and it is therefore 
asserted that grcoupement V is acquired prior to groupement 
oy Concerning the second finding, it was shown that in the 
case of groupement I the inverse operation is acquired 
earlier than the compositicn operation and in the case of 
groupement V the ccmposition operation is acquired prior to 


the reciprocal operation, for both concept areas. 


In the empirical literature only Brainerd (1972) has 
reported research focused directly on groupement theory. 
The finding that groupement V is acquired earlier than 


groupement I is consistent with his finding that all cf the 
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relational groupements are acquired before any of the class 
groupements. The finding that for groupement I the inverse 
operation is acquired pricr to the composition operation is 
consistent with Brainerd's finding that this sequence 
obtains for all of the class groupements. Brainerd did not 
report finding any sequential acquisition of the operations 
of the relaticnal groupements; because his paper isa 
Summary report the data were not presented in sufficient 
detail to warrant speculaticn as to why his findings and the 


present findings differ on this point. 


The above findings are inconsistent with groupement 
theory in which it is stipulated that all of the groupements 
emerge synchrcnously in a given concept area and that all of 
the operations of the groupements also emerge synchronously. 
Brainerd (1972) has stated that beth of these stipulations 
are such crucial empirical predictions of the theory that 
any contrary finding must be detrimental to its status as a 
model for middle-childhccd thought. Pinard and Laurendeau 
(1969) have argued that such findings would not only have 
the effect cf vitiating groupement theory, but also of 
seriously jeopardizing Piaget's entire stage concept by 
undermining the structuring criterion. Flavell (1970, 1971) 
and Flavell and wWohliwiil (1969), on the other hand, have 
argued that there is no lcgical reason for the theory to 
reguire the concurrent emergence of groupements; rather, 


according to these authors, whatever logical and 
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psychological connections Piaget postulates to exist among 
the groupements may be formed after they ail have 
asynchronously emerged, and the stipulation that all 
groupements emerge together may be a restriction without 
which the thecry fares better. Flavell (1970, 1971) has put 
forth a similar argument with respect to the constituent 
Operations of a given qroupenent. Brainerd (1973), however, 
has Shun on lcegical grcunds that if an organism possesses 
one of the defining traits of a given stage, it must also 
tend to possess the remaining traits of the stage, if that 
stage is to be taken to correspond to something in the real 
worid. In the case of Piaget's theory the stage is that of 
concrete operations and the defining traits are the eight 
groupements and their 16 constituent operations. e has 
been shown in the present study that the presence of one 
defining trait (for example, groupement V or the inverse 
operation of groupement I or the composition operation of 
groupement V) is net necessarily accompanied by the tendency 
to possess ancther of the traits (groupement I or the 
composition operation of groupement I or the reciprocal 
operation of groupement V, respectively). This is the sort 
of evidence that is generally believed challenges grcupement 
theory as a model for middle-childhood thought. Whether or 
not such evidence challenges Piaget's entire stage theory, 
as Pinard and Laurendeau (1969) have suggested, can only be 


decided by future research. 
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Time and Speed 

Before the findings ccncerning Piaget's theory of the 
development of time and speed concepts are discussed, a 
brief review cf the major points of the theory is in order. 
Piaget postulated (a) that for each of the groupings of 
temporal order, temporal interval, spatial order, and 
Spatial interval, the composition and reverse operations are 
acquired in synchrony; (b) that the operations of temporal 
order, tempcral interval, spatial order, and spatial 
interval are grouped in synchrony; (c) that an understanding 
of the molar concepts of time and speed is implied only by 
the presence of alli of the above groupings interccnnected 
into operations cf coxdisplacement; (d) that the molar 
concepts of time and speed are grasped in synchrony. The 
findings with respect to a are that in the case of the 
interval groupings the inverse operation is acquired prior 
to the composition operation and that in the case of the 
order groupings the composition operation is acquired 
earlier than the reciprocal operation. Concerning h, it was 
shown that for each concept area the order grouping is 
acquired earlier than the interval grouping. It was also 
shown that both spatial groupings are acquired before both 
temporal groupings, but in view of the fact that the task 
assessing the operations of spatial interval vas probably 
often solved Ly spurious, ncneperational means, this finding 


is questionable. Ccacerning g, it was shown that the molar 
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time concept is grasped before both temporal groupings are 
acquired and that the molar speed concept is grasped before 
the spatial groupings are acquired. Concerning 4, it was 
Shown that the mclar speed concept is grasped earlier than 


the molar time concept. 


The findings to the effect that the constituent 
Operations of the various groupings are not acquired in 
synchrony and that the grcuprings themselves are not acquired 
in synchrony were discussed in the previous section. The 
conclusion reached, that the status of groupement theory as 
a model for middle-chiidhood thought is challenged, 
certainly applies to the specific concept areas of time and 
speed. And even if the nection of grouping is discarded and 
just the individual operations considered, it is clear that 
the theory of the develcpment of time and speed is not 
viable; for the molar concepts of time and speed, in 
additicn to not having teen grasped in synchrony, were 
grasped earlier than any of their proposed operational 
precursors by some subjects and earlier than at least one of 


their proposed precursors by most subjects. 
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AFPENDIX A 


CELL MEANS FOR ANALYSIS OF VARIANCE 
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